Introduction
In recent decades, the prevalence of diabetes has been augmented dramatically, mostly due to the changes in lifestyle, rapid population growth, urbanization and aging (1) . Global prevalence of diabetes grows 54% by 2030. This increase would be more aggressive in developing countries (69%) compared to developed nations (20%) (1) . Middle Eastern countries have been highlighted as regions with high prevalence of diabetes. Accordingly, in Iran, the prevalence of diabetes has been reported to be 7.7%, although, the figure reaches 14% in crowded cities like the Iranian capital Tehran (2) . The essential role of diabetes in the development of long-term complications such as retinopathy, nephropathy, neuropathy, cardiovascular disease (CVD) has been confirmed in several studies (3, 4) . CVD, as the leading cause of death in more than 70% of diabetic patients, occurs at least two to four times more in diabetics compared to none-diabetics (5) . Diabetes and its micro and macrovascular complications impose a heavy burden on the society and result in reduced quality of life, disability and mortality in diabetic patients (3, 4) . However, several studies have underlined the importance of blood glucose control in preventing the complications in diabetic patients (4, 6) . The role of nutrients and dietary modifications in glycemic control and improving diabetes complications risk factors have been investigated in several studies (7, 8) . Recently, dietary pattern analysis has been introduced as an alternative and complementary approach that allows the evaluation of cumulative effects of nutrients and their interactions (9) . Taking into account the cultural and ethnic preferences, food availability and individual circumstances can be considered as other advantages of this method (10) . The approach provides more effective and understandable recommendations than studies in which the focus is more on the role, amount and distribution of some nutrients and food items (10) . Studies showed higher risk of diabetes in western (11, 12) dietary pattern compared to prudent and healthy dietary patterns (12, 13) . A systematic review and meta-analysis of 15 cohort studies indicated that risk of type 2 diabetes increased by adopting unhealthy dietary patterns (RR: 1.44, 95% CI :1.33-1.57, P< 0.005) and on the contrary adherence to healthy dietary patterns reduced the risk (RR: 0.79, 95% CI: 0.74-0.86, P< 0.005) (14) . Following the Mediterranean dietary pattern, caused attenuation of fasting glucose and insulin levels and subsequently insulin resistance in both norm glycemic (15, 16) and metabolic syndrome subjects (17, 18) . However, few studies have evaluated the association between dietary patterns and diabetes-related risk factors (19) . The present study investigated the dietary patterns in type 2 diabetic patients and evaluated the association of the dietary pattern with state of glycemic control, blood pressure, lipid profile and anthropometric indicators in this group.
Methods

Subjects
This cross-sectional study was performed on 525 type 2 diabetic patients in 2014. Participants were selected from patients followed at least 2 yr by the Diabetes and Metabolic Disease Clinic of Tehran University of Medical Sciences. Individuals aged between 35-65 yr, diagnosed with diabetes after the age of 30 at least 5 yr were recruited through convenience sampling. Patients were on insulin, medication had been changed during the past year, had a positive history of myocardial infarction, angina pectin, stroke, chronic inflammation, thyroid, genital, liver or renal disease, alcohol consumption or smoking, vegetarians and pregnant women were excluded. At the beginning, the aim of the study was explained to the subjects and a written informed consent was obtained. The Endocrinology and Metabolism Research Center Ethics Committee (E00192) approved this cross-sectional study.
Dietary assessment
An adjusted validated 168-food item food frequency questionnaire (FFQ) (20) was completed by trained dietitians to assess the typical food intake of the participants through a face-to-face interview. To identify the major dietary patterns, categorization of food items into 22 food groups based on their nutrient content was applied (21) . The consumption frequency of different food categories was transformed to serving per week. Macronutrients were assessed by analyzing dietary data using adjusted N4software (Nutritionist: version 4.0; Tinuviel Software, Warrington, United Kingdom).
Anthropometric measurements and physical activity assessment
Height and weight were measured by standard methods to the nearest 0.1cm and 0.1kg, respectively. Body mass index (BMI) was estimated as the ratio of body weight to height squared and expressed as kg/m 2 . Waist circumference was determined by placing a measuring tape around the abdomen just above the right iliac crest. Physical activity level (PAL) was assessed by a validated questionnaire defined by nine different metabolic equivalent (MET) levels ranged from sleep/rest (0.9 METs) to high-intensity physical activities (> 6 METs) (22) . Over 24 h, for each activity level, MET equivalent was multiplied by the time spent on that physical activity. Daily MET average was calculated as sum of METtime divide by 24.
Clinical and Biochemical assessment
Venous blood was collected after 12 h overnight fasting for biochemical analysis. Serum glucose concentration was measured by the fluorometric method according to glucose oxidase principle (Glucose determination kit, Parsazmun, Tehran, Iran) using auto-analyzer (Hitachi 902, Roche, Basel, Switzerland). Glycated hemoglobin was determined on whole blood samples by HbA1c Pink Kit and DS5 analyzer. The intra-assay coefficient of variation (CV %) and inter-assay coefficient of variation for glucose and hemoglobin A1C (HbA1c) were 1.3%, 3.1%, 1.6%, and 3.0% respectively. Serum triglyceride (TG), total cholesterol (TC), low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol were measured by relevant biochemical kits (Parsazmun, Tehran, Iran) employing autoanalyzer (Hitachi 902, Roche, Basel, Switzerland). The intra-assay CV% for above substances was 3.6, 1.3, 2.1 and 1.7 and the inter-assay CV% was 4.2, 2.0, 2.2, and 2.0 respectively. Accuracy assessment was done based on Bio-Rad accuracy three controls level. Both systolic and diastolic blood pressure (SBP and DBP) were measured after patients sat for at least 15 min using Korotkoff's auscultator method.
Statistical analyses
To obtain dietary patterns, principal component analysis (a type of factor analysis) was conducted on 22 food groups retained from categorizing the food items of the FFQ. Sampling adequacy and inter-correlation of variables were supported by KMO (Kaiser-Meyer-Olkin) value=0.67 and Bartlett's test of sphericity <0.0001. Extracted factors rotated orthogonally (Varimax rotation) to a simpler and more interpretable structure. The number of dietary patterns was determined using scree plot, eigenvalues of greater than 1.5 and interpretability of the factors. The factor score for each pattern was calculated by summing the consumption of each food group weighted by factor loading and each person received an individual factor score for each identified pattern (9) . Linear regression models used to assess the association of adherence to three major dietary patterns with each physical activity level, age, diabetes duration, income, blood pressure, anthropometric measurements, dietary intakes and the mean concentrations of serum glucose, lipid profiles and HbA1c. In addition, the effect of confounding factors including age, sex, diabetes duration, type and drug dosage (such as hypoglycemic, antihypertensive and cardiovascular drugs) and calorie intake was taken into account in multivariate linear regression models to distinguish the possible effect of adherence to each dietary pattern and other related factors. P value of less than 0.05 was accepted in all tests as statistically significant.
Results
Overall, 56% of participants were female and 67% of the responders had education higher than high school. Table 1 shows the basic characteristics of the studied patients. Factor analysis revealed three main dietary patterns: Western like (high in sweets, fast foods, carbonated drinks, red meat, mayonnaise, nuts, refined grains, potato and visceral meat), Asian like (high in vegetables, fish, poultry, egg and nuts, low-fat dairy), and Traditional like (rich in high-fat dairy, oils, whole grains, vegetables, fruits). These three dietary pat-terns explained 29.02% of the total variance in food intake. The factor loadings for each dietary pattern are presented in Table 2 . 
Discussion
In investigating the relationship between major dietary patterns and diabetes-related cardiometabolic risk factors, we identified three dietary patterns. Western like pattern characterized by higher consumption of sweets, fast foods, carbonated drinks, red meat, mayonnaise, nuts, refined grains, potato and visceral meat was associated with poorer glycemic and lipid control. However, after adjustment for proportion of dietary protein and fat, only relationship between TC and this dietary pattern remained significant. In this study, Western like dietary pattern was almost similar to unhealthy and western dietary pattern in previous studies conducted in similar population (23, 24) . Asian like and Traditional like dietary patterns had common components with healthy dietary pattern in aforementioned studies (23, 24) . Dietary patterns rich in red or processed meat, refined grains, French fries, potato and sweets increases the risk of developing CVD risk factors (25) (26) (27) , consequently resulting in a higher risk of mortality from cardiovascular disease in the general population (25, 28, 29) . A systematic review based on literature research the association between dietary pattern and risk of CVD among adults in the Middle East and North Africa region (including Iran), revealed a significant association between Western dietary pattern (including sweets, fatty foods, meat, whole dairy products, fast food, salty nuts, and canned foods ) with the increased risk of coronary heart disease, strokes, and associated risk factors such as dyslipidemias, diabetes, metabolic syndrome, obesity, and hypertension (30) . Evidences support the effects of dietary intervention on modifying diabetes-related risk factors due to maintenance of blood glucose close to normal levels (31) (32) (33) , improving lipid profile (31, 32, 34) , lowering blood pressure (32, 34) and weight (35) . An association found between western dietary pattern and biomarkers of CVD (36) . The association of healthy (26) (39) . In their study, higher weight and BMI was reported in those following the snack dietary pattern. In company with our results, there were no significant differences in HbA1c, FBS, and blood pressure of those following these three dietary patterns (39) . The adverse effects of the Western-like pattern can be attributed to high content of sweets, beverages, meat and refined grains, which can influence glucose metabolism and diabetes-related risk factors because of high levels of saturated fatty acids, glycemic index, iron and low level of fiber (11, 12) . Prospective studies discovered that dietary patterns rich in meat increase the risk of all-cause mortality, especially those secondary to diabetes (40) . Several studies reported the association between red and processed meat consumption and the development of metabolic syndrome (41, 42) , and cardiovascular risk factors (43, 44) in nondiabetic individuals. This could be explained by the high content of high-saturated fatty acids, cholesterol and trance fatty acids in red and processed meat, which may result in increased blood cholesterol and subsequently endothelium impaired function (43) . The association between red meat heme iron and high CVD risk and also mortality has been noted in diabetic and non diabetic patients (45, 46) . Heme iron may lead to the formation of free radicals, increase oxidative damage and deteriorate the CVD risk factors (46) . Heterocyclic amines and aromatic polycyclic hydrocarbures in processed meat play an important role in CVD risk factors (42) . Dietary patterns characterized with high carbohydrate, especially rice in the Asian population were associated with higher risk of developing diabetes and CVD (47, 48) due to high glycemic index and low fiber (49) . Evaluating the nutrition transition in Iran showed that white rice and refined grains are considered as Iranian staple foods (50) . Sweets and carbonated drinks also have a role in developing CVD risk because of their high glycemic load, which increases the levels of inflammatory biomarkers (51) . Lack of significant association between dietary pattern and clinical and laboratory data in our study might be due to extensive adjustment of potentially important confounding factors, including proportion of dietary protein and fat. Previous Studies (19, 39) did not adjust for such confounding factors, leaving a possibility of overestimation of the effect of that dietary pattern. The large sample size, using a validated FFQ, case ascertainment based on physician diagnosis, and extensive adjustment for potentially confounding factors are among the strong points of this study. This study suffered from several limitations such as its limited ability to infer causality because of its cross-sectional nature and one-time point measurement of dietary intakes, subjective decision making for determination of number of patterns, the method of rotation and patterns labeling. Since dietary pattern varies according to ethical, cultural and environmental circumstances, our results should be tested in other populations.
Conclusion
Three dietary patterns were derived in this study. After extensive adjustment for potential confounders, Western-like dietary pattern consisted of high loaded sweets, fast foods, carbonated drinks, red meat, mayonnaise, nuts, refined grains, potato and visceral meat, was positively associated with higher serum TC levels. This finding may be useful for nutritional prescriptions and dietary modifications in diabetes management and diabetes-associated cardio metabolic complications prevention, especially in those who follow a Western dietary pattern.
Ethical considerations
Ethical issues (Including plagiarism, informed consent, misconduct, data fabrication and/or falsification, double publication and/or submission, redundancy, etc.) have been completely observed by the authors.
